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Z 1
0
x ¢ x®¡1 (1¡ x)¯¡1 dx (2.66)
=
¡ (®+ ¯)
¡ (®) ¡ (¯)
¢ ¡ (®+ 1)¡ (¯)
¡ (®+ ¯ + 1)
(2.67)
=
¡ (®+ ¯) ¡ (®+ 1)
¡ (®) ¡ (®+ ¯ + 1)
(2.68)
=
®
®+ ¯
: (2.69)
V [X] = E
£
X2
¤¡ (E [X])2 (2.70)
=
¡ (®+ ¯)
¡ (®) ¡ (¯)
Z 1
0
x2 ¢ x®¡1 (1¡ x)¯¡1 dx¡ (E [X])2 (2.71)
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=
¡ (®+ ¯)
¡ (®) ¡ (¯)
¢ ¡ (®+ 2)¡ (¯)
¡ (®+ ¯ + 2)
¡ (E [X])2 (2.72)
=
(®+ 1)®
(®+ ¯ + 1) (®+ ¯)
¡
µ
®
®+ ¯
¶2
(2.73)
=
®¯
(®+ ¯)2 (®+ ¯ + 1)
: (2.74)
¥
2.2 ????
???????????????????????[24][28]???????????????
???????????? t ¸ 0?????????????X (t)????????????
??? fX (t) ; t ¸ 0g?????????????????t? t = 0; 1; 2; ¢ ¢ ¢ ????????
??????????t > 0?????????????????????X (t)???????
?????????????????????????????
?? 2.2.1 (??)
???? fX (t) ; t ¸ 0g?????? tk¡1 < tk????
X (tk)¡X (tk¡1) ; (2.75)
?????????? ¥
?? 2.2.2 (????)
???? fX (t) ; t ¸ 0g???? t1 < t2 < ¢ ¢ ¢ < tn????????
X (t1)¡X (0) ; X (t2)¡X (t1) ; ¢ ¢ ¢ ; X (tn)¡X (tn¡1) ; (2.76)
???????X (t)????????????? ¥
?? 2.2.3 (????)
???? fX (t) ; t ¸ 0g???? t1 < t2 < ¢ ¢ ¢ < tn ??? h > 0??????????
X (t1 + h) ; X (t2 + h) ; ¢ ¢ ¢ ; X (tn + h)?????? X (t1) ; X (t2) ; ¢ ¢ ¢ ; X (tn)???????
??????X (t)????????????? ¥
?? 2.2.4 (??????)
??????????????????????? ¥
?? 2.2.5 (????)
?????????? fN (t) ; t ¸ 0g????????????
14 ? 2 ? ??
² N (t) ¸ 0.
² N (t)????????
² s < t????N (s) · N (t).
² s < t????N (t)¡N (s)??? (s; t)???????????????
¥
???????????????????????????????????????
?? 2.2.6 (?? f (h)?????????? o (h))
????? f (h)??
lim
h!0
f (h)
h
= 0 ; (2.77)
??? o (h)???????? ¥
?? 2.2.7 (????????)
?????????? fN (t) ; t ¸ 0g??????? ¸ > 0?????????????
² N (0) = 0.
² fN (t) ; t ¸ 0g???????????
² P fN (h) = 1g = ¸h+ o (h).
² P fN (h) ¸ 2g = o (h).
¥
?? 2.2.8 (?????????)
?????????? fN (t) ; t ¸ 0g??????? ¸ (t) > 0??????????????
² N (0) = 0.
² fN (t) ; t ¸ 0g?????????
² P fN (t+ h)¡N (t) = 1g = ¸ (t)h+ o (h).
² P fN (t+ h)¡N (t) ¸ 2g = o (h).
¥
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2.3 ???????
?????3??????????????????????[4][5][21]???????????
????????????????? p
¡
x
¯¯
µ
¢
?????? µ???????????????
????????? x1; x2; ¢ ¢ ¢ ???????????????? p
¡
x
¯¯
µ
¢
?????????
??????????????????????? µ¤??????????????????
p (µ)??????????????? t???? xt1 = (x1; x2; ¢ ¢ ¢ ; xt)??????
????????? p
¡
x
¯¯
µ
¢
??????????????x??????????????
??????????????????????????????????? x???????
???????????????????????????????????
???x????? x^????x^?????????????????? L (x^; x)?????
?????????????????????????
?? 2.3.1 (????????)
L1 (x^; x) = jx^¡ xj : (2.78)
¥
?? 2.3.2 (????????)
L2 (x^; x) = (x^¡ x)2 : (2.79)
¥
?? 2.3.3 (0{1??????)
L3 (x^; x) =
(
0 if x^ = x ;
1 if x^ 6= x :
(2.80)
¥
???????????????? 2.3.1??????????????????????
?[6][12]???????????????????????????????
????L (x^; x)???????? x??????????????????? x?????
???????????????????????????????????????? x??
????????????????? R (x^; µ¤)????????????
?? 2.3.4 (?????)
R (x^; µ¤) =
Z
x2X
L (x^; x) p
¡
x
¯¯
µ¤
¢
dx : (2.81)
¥
16 ? 2 ? ??
???????x????? p
¡
x
¯¯
µ¤
¢
???????? µ¤???????????????
???????? µ¤?????????????? p (µ)?????????????????
????????????????????????R (x^; µ¤)???? p (µ)????????
???????? BR (x^)????????????
?? 2.3.5 (????????)
BR (x^) =
Z
µ2£
R (x^; µ) p (µ) dµ : (2.82)
¥
?? 2.3.5?????????BR (x^)????????? x?????? µ???????
??x^???????????????????????p (µ)????????????BR (x^)
??????????????? x^¤?????????????? x^¤??????????
???
?? 2.3.6 (?????????)
x^¤ = argmin
x^
BR (x^) : (2.83)
¥
?? 2.3.1{2.3.3?????????????????????? x^¤??????????
???
?? 2.3.1 (???????? L1 (¢ ; ¢)?????????????????)
x^¤ = argmin
x^
·Z
µ2£
Z
x2X
jx^¡ xj p ¡x ¯¯ µ¢ p (µ) dxdµ¸ (2.84)
= Med [x] : (2.85)
?????????????????????????????? x^¤??x????Med [x]?
??????? ¥
?? 2.3.2 (???????? L2 (¢ ; ¢)?????????????????)
x^¤ = argmin
x^
·Z
µ2£
Z
x2X
(x^¡ x)2 p ¡x ¯¯ µ¢ p (µ) dxdµ¸ (2.86)
= E [x] : (2.87)
?????????????????????????????? x^¤??x????E [x]??
??????
¥
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?? 2.3.3 (0{1 ?????? L3 (¢ ; ¢)?????????????????)
¹L3?
¹L3 (x^; x) = 1¡ L3 (x^; x) (2.88)
=
(
1 if x^ = x ;
0 if x^ 6= x :
(2.89)
????????????????? x^¤????????????
x^¤ = argmin
x^
·Z
µ2£
Z
x2X
L3 (x^; x) p
¡
x
¯¯
µ
¢
p (µ) dxdµ
¸
(2.90)
= argmax
x^
·
1¡
Z
µ2£
Z
x2X
¹L3 (x^; x) p
¡
x
¯¯
µ
¢
p (µ) dxdµ
¸
(2.91)
= Mod [x] : (2.92)
?????0{1 ??????????????????????? x^¤??x????Mod [x]?
???????
¥
??2.3.1{2.3.3??????????????????????????????p (µ)??
????????????? t?????? xt1 = (x1; x2; ¢ ¢ ¢ ; xt)?????????????
??[3]??????????????????? p
¡
µ
¯¯
xt1
¢
????????? t??????
?????????????? x^t+1???????????????????????????
?? 2.3.7 (??????)
?? t?????? xt1 = (x1; x2; ¢ ¢ ¢ ; xt)?????????????xt+1????????
??????????????????
p
¡
xt+1
¯¯
xt1
¢
=
Z
µ2£
p
¡
xt+1
¯¯
µ
¢
p
¡
µ
¯¯
xt1
¢
dµ ; (2.93)
????p
¡
µ
¯¯
xt1
¢
?????????????????????????????? ¥
?? 2.3.7????????????????????????????????????
x^¤t+1??????????????????????????????????? x^¤t+1???
??????????????????????????????????????????
x^¤t+1??????????
18 ? 2 ? ??
?? 2.3.4 (???????? L1 (¢ ; ¢)???????????????????)
x^¤t+1 = argmin
x^t+1
·Z
µ2£
Z
xt+12X
jx^t+1 ¡ xt+1j p
¡
xt+1
¯¯
µ
¢
p
¡
µ
¯¯
xt1
¢
dxt+1dµ
¸
(2.94)
= argmin
x^t+1
·Z
xt+12X
Z
µ2£
jx^t+1 ¡ xt+1j p
¡
xt+1
¯¯
µ
¢
p
¡
µ
¯¯
xt1
¢
dµdxt+1
¸
(2.95)
= argmin
x^t+1
·Z
xt+12X
Z
µ2£
jx^t+1 ¡ xt+1j p
¡
xt+1
¯¯
xt1
¢
dxt+1
¸
(2.96)
= Med
£
xt+1
¯¯
xt1
¤
: (2.97)
¥
?? 2.3.5 (???????? L2 (¢ ; ¢)???????????????????)
x^¤t+1 = argmin
x^t+1
·Z
µ2£
Z
xt+12X
(x^t+1 ¡ xt+1)2 p
¡
xt+1
¯¯
µ
¢
p
¡
µ
¯¯
xt1
¢
dxt+1dµ
¸
(2.98)
= argmin
x^t+1
·Z
xt+12X
Z
µ2£
(x^t+1 ¡ xt+1)2 p
¡
xt+1
¯¯
µ
¢
p
¡
µ
¯¯
xt1
¢
dµdxt+1
¸
(2.99)
= argmin
x^t+1
·Z
xt+12X
Z
µ2£
(x^t+1 ¡ xt+1)2 p
¡
xt+1
¯¯
xt1
¢
dxt+1
¸
(2.100)
= E
£
xt+1
¯¯
xt1
¤
: (2.101)
¥
?? 2.3.6 (0{1 ?????? L3 (¢ ; ¢)???????????????????)
?? 2.3.3?????
¹L3 (x^t+1; xt+1) = 1¡ L3 (x^t+1; xt+1) ; (2.102)
?????
x^¤t+1 = argmin
x^t+1
·Z
µ2£
Z
xt+12X
L3 (x^t+1 ¡ xt+1) p
¡
xt+1
¯¯
µ
¢
p
¡
µ
¯¯
xt1
¢
dxt+1dµ
¸
(2.103)
= argmax
x^t+1
·
1¡
Z
µ2£
Z
xt+12X
¹L3 (x^t+1; xt+1) p
¡
xt+1
¯¯
µ
¢
p
¡
µ
¯¯
xt1
¢
dxt+1dµ
¸
(2.104)
= argmax
x^t+1
·
1¡
Z
xt+12X
Z
µ2£
¹L3 (x^t+1; xt+1) p
¡
xt+1
¯¯
µ
¢
p
¡
µ
¯¯
xt1
¢
dµdxt+1
¸
(2.105)
= argmax
x^t+1
·
1¡
Z
xt+12X
¹L3 (x^t+1; xt+1) p
¡
xt+1
¯¯
xt1
¢
dxt+1
¸
(2.106)
= Mod
£
xt+1
¯¯
xt1
¤
: (2.107)
¥
?3? ????????? ???????
?????????????
???????????????????????????????????? µt????
???????????????????????????????? t??????????
µt????????? (??)?????????????????????????????
???????? 3.1?????????????3.2??????????????????
???????????????????????3.3?????????? µ^t?3.4??? x^t+1
????????????????????????????????? x^t+1????????
???[4][5][21]?????????????????[4][5][21]????????????? x^t+1
????????? 3.5????????? µt????????????????? k???
????????????3.6?????????????????????????????
??3.7??????????? xt1 = (x1; x2 ¢ ¢ ¢ ; xt)???????????????????
? p
¡
µt
¯¯
xt1
¢
??????????????????????????????? 3.8????
???????????
3.1 ?????
???????????????????? µt????????????????????
???????????????????????????µt???????????????
??????????????????????????????????????????
???????????????????????????????????????????
??????????????????????????????????????????
xt1 = (x1; x2; ¢ ¢ ¢ ; xt)???????? µ^t?????????????x^t+1?????????
???????????????????????????????????????????
???????????????????????????????
?????????????????????????2?? (???)??????????
????????????????????????????????????????????
???????????????????????????????????????????
????????????????? Simple Power Steady Model (SPSM)[27][16][11][36]
???????SPSM?????????????????????????????????
19
20 ? 3 ? ????????? ????????????????????
??????[11]?????????????????? [27]???????????????
??????????????????????????????????????????
???????? [16]?????????????????????????????????
??????????????????????????????????????????
????????????????????????????? [16]????????????
??????????????????????????????????????????
??????????????????????????????????????? ([11], p.
350)?
???SPSM????????????????????Bayesian Entropy Forecasting
(BEF)[29][30]??????????????????BEF???SPSM??????????
???????????????????? [29]??????????????? [30]???
??????????????BEF??????????????????????????
???????????????????????????????SPSM?????????
??????????????????????????????????? [30]??????
??????????????????????????????????????[6][12]??
????????????????????????????????????? [14][38]??
??????? SPSM????????????????????????????????
???????????????????????????????????????????
?????????????????????????????????????? [4][5][21]
????????????????????? [4][5][21]??????????????????
???????????????????????????????????????????
??????[3]???????????????????????????????????
???????????????????????????????????????????
???????????????????????????????????????????
?? [4][5]??????????????????????????????????????
???????????????????????????????????????????
??????????????????????????????????????????
??????????????????????
??????????????????????????????????????????
[4][5]????????????????????????????????????????
???????????????????????????????????????????
??????????????????????????????????? µt??????
??????????? (??????????)????????????????????
???????????????????????????????????????????
??????????3.7???????????????????????????????
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?? [14][38]??????????????? [27][16]??????????????????
???????????????????????????????????? [17][18]????
3.2 ????????? ?????????
??????? 2.1.1????????????????????????? µ¤ 2 £???
???????????????????????????????????????????
?????????????????????
???t = 1; 2; ¢ ¢ ¢ ????????xt = 0; 1; ¢ ¢ ¢ ??? t????????????????
µt > 0????????????????????????? p(xt
¯¯
µt)??????????
???????????????????? p(µt)????????????????????
xt1 = (x1; x2; ¢ ¢ ¢ ; xt)???????????????????[3]??????????????
????? (t+ 1)??????????????? x^t+1?????????????????
????????????????? 3.1???????
???????????? p(xt
¯¯
µt)????????????
?? 3.2.1 (?????????)
xt = 0; 1; 2; ¢ ¢ ¢ ????
p(xt
¯¯
µt) =
exp (¡µt)
xt!
(µt)
xt ; (3.1)
??????????????????µt > 0??? t????????????? ¥
?? 3.2.2 (???????????)
µt+1; µt > 0????????????????????????
µt+1 =
ut
k
µt ; (3.2)
?????????? k??0 < k · 1????, ut??0 < ut < 1?????????????
¥
? (3.2)??k????????µt??? ut?? µt+1??????????????????
??????? [31]??????????????????????????????????
??????????????????????????? 3.1??????????????
??????
????? t = 1???? µ1???????????? t???? ut??????????
??????????????? t?????µt? ut??????????????????
? ®t?????????????[19]?????????????????µ1; ut???? µ1?
?????????????? ®1; ¯1?????????????
22 ? 3 ? ????????? ????????????????????
?? 3.2.3 (t = 1????????? µ1?????)
µ1 > 0????
p(µ1
¯¯
®1; ¯1) =
(¯1)
®1
¡ (®1)
exp (¡µ1¯1) (µ1)(®1)¡1 ; (3.3)
????®1 > 0; ¯1 > 0??????????????????????????????¡ (x)
?????????? ¥
?? 3.2.4 (??? t???? ut?????)
0 < ut < 1???,
p (utjk®t; (1¡ k)®t) = ¡ (®t)
¡ (k®t) ¡[(1¡ k)®t] (ut)
(k®t)¡1 (1¡ ut)[(1¡k)®t]¡1 ; (3.4)
????k®t > 0; (1¡ k)®t > 0???????????????????? ¥
?? 3.2.1 (®1; ¯1?????)
? (3.3), (3.4)? t = 1??????????????????®1; ¯1???????????
?????? (
®1 > 0 ;
¯1 = 1 :
(3.5)
¥
3.3 ???????
? 3.1??????????????????????? µt?? µt+1???????????
???????? xt1 = (x1; x2; ¢ ¢ ¢ ; xt)??????????????? µt??????????
? (3.2)???????? µt+1????????2????????????????????
????????3???????????????? 3.3.1???t ¸ 2????????? µt
????????????????????? 3.3.2?????t = 1???????????
????? p (µ1)????????????????? 3.3.3?????????? µt+1???
???????????
3.3.1 ?????????????
????? (t¡ 1)??????????? xt¡11 = (x1; x2; ¢ ¢ ¢ ; xt¡1)????????????
????t ¸ 2??????????????????? p ¡µt ¯¯ ®t; ¯t; xt¡11 ¢??? (3.3)???
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? 3.1: ????????? ???????????????
????????????????? xt?????????????????? µt?????
p
¡
µt
¯¯
xt1
¢
??????????
p
¡
µt
¯¯
xt1
¢
=
p(xt
¯¯
µt)p(µt
¯¯
®t; ¯t; x
t¡1
1 )R1
0
p(xt
¯¯
µt)p(µt
¯¯
®t; ¯t; x
t¡1
1 )dµt
(3.6)
=
(¯t + 1)
®t+xt
¡ (®t + xt)
exp[¡µt(¯t + 1)] (µt)(®t+xt)¡1 ; (3.7)
????t ¸ 2???.
? (3.7)???????????????????????????????? p
¡
µt
¯¯
xt1
¢
?
??????????????????? (®t + xt)??? (¯t + 1)????????????
??????????????????????[4][5]?????????????????
?????????????????
?? 3.3.1 (??????????????????? [4][5])
???p(xt
¯¯
µt)??????????????????????????????????
???????????????????? t??????????????? p
¡
µt
¯¯
xt1
¢
??
???????????????????????? ¥
24 ? 3 ? ????????? ????????????????????
3.3.2 ???????????????
t = 1???????????????? p (µ1)????????????????????
??????????????????????????????????????????
??[4][5]???????????1???????? 3.2.1????????????????
3.2.3??? t = 1??????????????????????????????????
???????????????????? [4][5]?
p (µ1) / 1
µ1
: (3.8)
???? (3.8)????????????? 3.2????????????????????
??????????
?? 3.3.2 (?????????????????)
?? 3.2.3????? 3.2.1??? (3.8)????????????????????????
¥
??
? (3.3)?????®1 > 0?????¯1 = 1???????
p(µ1
¯¯
®1; 1) =
(1)®1
¡ (®1)
exp (¡µ1 ¢ 1) (µ1)(®1)¡1 (3.9)
=
exp (¡µ1)
¡ (®1)
(µ1)
(®1)¡1 (3.10)
/ 1
µ1
: (3.11)
¥
?? 3.3.2?????t = 1???????????????? p(µ1
¯¯
®1; ¯1)???????
?????????????????
3.3.3 ???????????
??????????? µt ! µt+1??????????????????????????
p
¡
µt+1
¯¯
xt1
¢
??? (3.2)?????????????????????????ut; µt????
k???????µt+1??????????????? µt ! µt+1??????????????
? (3.2)???????? 2??????????????????????????????1
????utµt?????????2??? µt=k????????????
1?????????????????????????????????????????????????
???????????????????????????????????????????????????
?????????????????
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?? 3.3.3 (utµt????? [17])
?????????? µt?? (3.3)??????????????????????????
?????????????????®t; ¯t???????????????????? ut??
(3.4)???????????????????????????? k®t; (1¡k)®t???????
??? µt; ut? ®t????????????????????
?????2???????? utµt?????????????????????????
p (utµt) =
(¯t)
k®t
¡ (k®t)
exp [¡ (utµt) ¯t] (utµt)(k®t)¡1 ; (3.12)
????k®t; ¯t???????????????????????????????? k? 0 <
k · 1????? ¥
??
?? 3.7.1???. ¥
?? 3.3.4 (µt=k????? [17])
?????????? µt?? (3.3)??????????????????????????
???????????®t; ¯t???????? 0 < k · 1???? k??????
????????? µt=k????????????????????????
p
µ
µt
k
¶
=
(k¯t)
®t
¡ (®t)
exp (¡µtk¯t) (µt)(®t)¡1 ; (3.13)
????®t; k¯t???????????????????????????????? k? 0 <
k · 1????? ¥
??
?? 3.7.2???? ¥
?? 3.3.1 (???????????? µt????? [17])
??????? µt, ut?????? ®t??????????????????????µt?
?????????????????????????????®t; ¯t??????????ut
???????????????????? k®t; (1¡ k)®t???????
?????? (3.2)??????????? µt+1?????????????????
p (µt+1) = p
³ut
k
µt
´
(3.14)
=
(k¯t)
k®t
¡ (k®t)
exp (¡µt+1k¯t) (µt+1)(k®t)¡1 ; (3.15)
????k®t; k¯t???????????????????????????????????
? k? 0 < k · 1????? ¥
26 ? 3 ? ????????? ????????????????????
??
?? 3.3.3??? 3.3.4???? ¥
????????????????????????????
?? 3.3.2 (????????? µt????? [16][17])
?? 3.2.1{3.2.1???????????? ????????????????? t???
???????? xt1 ?????????? (3.2)???????????? µt+1 ?????
p
³
µt+1
¯¯¯
xt1
´
??????????????
p
³
µt+1
¯¯¯
xt1
´
= p
³ut
k
µt
¯¯¯
xt1
´
(3.16)
=
[k (¯t + 1)]
k(®t+xt)
¡ [k (®t + xt)]
exp [¡µt+1k (¯t + 1)] (µt+1)k(®t+xt)¡1 : (3.17)
????k (®t + xt) ; k (¯t + 1)?????????????????????????????
????? ¥
??
????? t?????????? µt????? p
¡
µt
¯¯
xt¡11
¢
???????? ®t; ¯t???
?????????????????????????? xt???? µt???????????
???? (3.2)????????????????????? p
³
µt+1
¯¯¯
xt1
´
???? 3.3.1??
??? 3.3.1???????? (3.17)????????????
??????? t = 1???????? 3.3.2???????????? µ1????????
????????????
?????????? t??????? 3.3.2????????????? ¥
? (3.17)???????????????????? µt+1???????????????
????????????????????????
?? 3.3.5 (????? (t+ 1)???? p (µt+1)?????? ®t+1; ¯t+1???????? [17])
(
®t+1 = k (®t + xt) ;
¯t+1 = k (¯t + 1) :
(3.18)
¥
???? (3.18)???????????????????
?? 3.3.6 (????? (t+ 1)???? p (µt+1)?????? ®t+1; ¯t+1? ®1; ¯1???? [17])
(
®t+1 = k
t®1 +
Pt
i=1 k
t+1¡ixi ;
¯t+1 = k
t¯1 +
Pt
i=1 k
i¡1 :
(3.19)
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¥
3.4 ?????????????
?????? 3.1???????????????????????????????????
? x^t+1???????? [4][5][21]???????????????????x^t+1???? t???
??????? µt?????????? p
¡
xt
¯¯
µt
¢
????? t????? xt1 = (x1; x2; ¢ ¢ ¢ ; xt)
????????? (t+ 1)???????????????????
??? x^t+1???????????????????L (x^t+1; xt+1)??????????xt+1
??? (t+ 1)?????????????????????????? 2.3.2???????
?????L2 (x^t+1; xt+1)????????????????
L2 (x^t+1; xt+1) = (x^t+1 ¡ xt+1)2 : (3.20)
???xt+1?? (3.1)??????????????, ??????? µ¤t+1????????
?R
¡
x^t+1; µ
¤
t+1
¢
?????? L2 (x^t+1; xt+1)???? p
¡
xt+1
¯¯
µt+1
¢
????????????
????????
R
¡
x^t+1; µ
¤
t+1
¢
=
1X
xt+1=0
£
L2 (x^t+1; xt+1) p
¡
xt+1
¯¯
µ¤t+1
¢¤
(3.21)
=
1X
xt+1=0
£
(x^t+1 ¡ xt+1)2 p
¡
xt+1
¯¯
µ¤t+1
¢¤
: (3.22)
????????????BR
¡
x^t+1
¯¯
xt+11
¢
?????????????????????
p
¡
µt+1
¯¯
xt1
¢
?????????????????????
BR
¡
x^t+1
¯¯
xt1
¢
=
Z 1
0
R
¡
x^t+1; µ
¤
t+1
¢
p
¡
µt+1
¯¯
xt1
¢
dµt+1 (3.23)
=
1X
xt+1=0
·
(x^t+1 ¡ xt+1)2
Z 1
0
p
¡
xt+1
¯¯
µ¤t+1
¢
p
¡
µt+1
¯¯
xt1
¢
dµt+1
¸
(3.24)
=
1X
xt+1=0
£
(x^t+1 ¡ xt+1)2 p
¡
xt+1
¯¯
xt1
¢¤
: (3.25)
? (3.25)???????????x^t+1?????????????????????????
?????????????????????? x^t+1??????????????????
?????? x^¤t+1??????? 2.3.5??????? x^¤t+1???????????????
28 ? 3 ? ????????? ????????????????????
??????????
x^¤t+1 = argmin
x^t+1
BR (x^t+1) (3.26)
=
1X
xt+1=0
£
xt+1 p(xt+1
¯¯
xt1)
¤
(3.27)
= E
£
xt+1
¯¯
xt1
¤
(3.28)
= E
£
µt+1
¯¯
xt1
¤
(3.29)
=
®t+1
¯t+1
(3.30)
=
kt®1 +
Pt
i=1 k
t+1¡ixi
kt¯1 +
Pt
i=1 k
i¡1 : (3.31)
????? (3.29)??xt+1?? (3.1)???????????????????xt+1????
? µt+1???????????????????????????????????????
(3.30)??µt+1????????????????????? 2.1.3?????®t+1=¯t+1???
??????????? (3.31)??? (3.19)?? (3.30)????????????????
????????????????????
?? 3.4.1 (????????? ?????????????????????? [16])
?? 3.2.1{3.2.1?????????????????????????????? t???
???????? xt1 = (x1; x2; ¢ ¢ ¢ ; xt)?????????????????????????
????? xt+1?????????? x^¤t+1???????????
x^¤t+1 =
kt®1 +
Pt
i=1 k
t+1¡ixi
kt¯1 +
Pt
i=1 k
i¡1 : (3.32)
¥
?????????????????????????? p
¡
xt+1
¯¯
xt1; k
¢
?????????
??????????????????????????????????????????
???????????????????????????
????????????????????????? p
¡
xt+1
¯¯
xt1; k
¢
??????????
?????
p
¡
xt+1
¯¯
xt1; k
¢
=
Z 1
0
p
¡
xt+1
¯¯
µt+1
¢
p
¡
µt+1
¯¯
®t+1; ¯t+1
¢
dµt+1 (3.33)
=
Z 1
0
·
exp (¡µt+1)
xt+1!
(µt+1)
xt+1
¸ ·
(¯t+1)
®t+1
¡ (®t+1)
exp (¡µt+1¯t+1) (µt+1)®t+1¡1
¸
dµt+1 (3.34)
=
Z 1
0
(¯t+1)
®t+1
xt+1! ¡ (®t+1)
exp [¡µt+1 (¯t+1 + 1)] (µt+1)®t+1+xt+1¡1 dµt+1 (3.35)
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=
(¯t+1)
®t+1
xt+1! ¡ (®t+1)
Z 1
0
exp [¡µt+1 (¯t+1 + 1)] (µt+1)®t+1+xt+1¡1 dµt+1 (3.36)
=
(¯t+1)
®t+1
xt+1! ¡ (®t+1)
¢ ¡ (®t+1 + xt+1)
(¯t+1 + 1)
®t+1+xt+1
(3.37)
=
¡ (®t+1 + xt+1)
xt+1! ¡ (®t+1)
µ
¯t+1
¯t+1 + 1
¶®t+1 ·
1¡
µ
¯t+1
¯t+1 + 1
¶¸xt+1
(3.38)
=
¡
¡
kt®1 +
Pt
i=1 k
t+1¡ixi + xt+1
¢
(xt+1)! ¡
¡
kt®1 +
Pt
i=1 k
t+1¡ixi
¢
¢
µ
kt¯1 +
Pt
i=1 k
i¡1
kt¯1 +
Pt
i=1 k
i¡1 + 1
¶kt®1+Pti=1 kt+1¡ixi µ 1
kt¯1 +
Pt
i=1 k
i¡1 + 1
¶xt+1
: (3.39)
????????????????????
?? 3.4.2 (????????? ????????????????? [16])
?? 3.2.1{3.2.1?????????????????????????????? t???
???????? xt1 = (x1; x2; ¢ ¢ ¢ ; xt)??????????????????? p
¡
xt+1
¯¯
xt1; k
¢
??????????
p
¡
xt+1
¯¯
xt1; k
¢
=
¡
¡
kt®1 +
Pt
i=1 k
t+1¡ixi + xt+1
¢
(xt+1)! ¡
¡
kt®1 +
Pt
i=1 k
t+1¡ixi
¢
¢
µ
kt¯1 +
Pt
i=1 k
i¡1
kt¯1 +
Pt
i=1 k
i¡1 + 1
¶kt®1+Pti=1 kt+1¡ixi µ 1
kt¯1 +
Pt
i=1 k
i¡1 + 1
¶xt+1
:
(3.40)
¥
3.5 ???????????
???????????????????????????? k?????????????
??????? k???????????????????? xt1 = (x1; x2; ¢ ¢ ¢ ; xt)?????
???????????????????????? k??????????????xt1??
???????? L (k)???????????
L(k) = p(x1
¯¯
µ1)
tY
i=2
p(xi
¯¯
xi¡11 ; k) (3.41)
= p(x1
¯¯
µ1)
tY
i=2
·Z 1
0
p(xi
¯¯
xi¡11 ; µi)p(µi
¯¯
xi¡11 )dµi
¸
(3.42)
= p(x1
¯¯
µ1)
tY
i=2
½Z 1
0
·
exp(¡µi)
xi!
(µi)
xi
¸ ·
(¯i)
®i
¡ (®i)
exp (¡µi¯i) (µi)(®i)¡1
¸
dµi
¾
(3.43)
30 ? 3 ? ????????? ????????????????????
= p(x1
¯¯
µ1)
tY
i=2
½
(¯i)
®i
¡(®i)xi!
Z 1
0
(µi)
(xi+®i)¡1 exp [¡µi (¯i + 1)] dµi
¾
(3.44)
= p(x1
¯¯
µ1)
tY
i=2
"
(¯i)
®i¡(®i + xi)
(¯i + 1)®i+xi¡(®i)xi!
¯¯¯¯
¯ ®i = k
i¡1®1 +
Pi¡1
j=1 k
i¡jxj
¯i = k
i¡1¯1 +
Pi¡1
j=1 k
j¡1
#
:
(3.45)
????? (3.45)?????®i; ¯i???? (3.19) ?????????????????.
??????? L (k)????k?????? k^??????????
k^ = argmax
k
L (k) : (3.46)
? (3.46)?????? k^??????????????????????????????
???????????????????????????????
3.6 ??
3.6.1 ????????? ?????????
?? 3.2.1?? (3.1)????? t?????????? µt???????????????
??????????????? µt??????????????????????????
????????????????????????????????????????????
????? t = 1???xt?????????????????????????????
????????????? p (x1)??? (3.1)??????????????????t = 1?
???????? µ1????? p
¡
µ1
¯¯
®1; ¯1
¢
????????????????
p (x1) =
Z 1
0
p
¡
x1
¯¯
µ1
¢
p
¡
µ1
¯¯
®1; ¯1
¢
dµ1 (3.47)
=
Z 1
0
·
exp (¡µ1)
x1!
(µ1)
x1
¸ ·
(¯1)
®1
¡ (®1)
exp (¡µ1¯1) (µ1)®1¡1
¸
dµ1 (3.48)
=
Z 1
0
(¯1)
®1
x1! ¡ (®1)
exp [¡µ1 (¯1 + 1)] (µ1)®1+x1¡1 dµ1 (3.49)
=
(¯1)
®1
x1! ¡ (®1)
Z 1
0
exp [¡µ1 (¯1 + 1)] (µ1)®1+x1¡1 dµ1 (3.50)
=
(¯1)
®1
x1! ¡ (®1)
¢ ¡ (®1 + x1)
(¯1 + 1)
®1+x1
(3.51)
=
¡ (®1 + x1)
x1! ¡ (®1)
µ
¯1
¯1 + 1
¶®1 ·
1¡
µ
¯1
¯1 + 1
¶¸x1
: (3.52)
????? (3.51)??? (3.50)??????????? 2.1.4???????????????
??????????
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???? (3.52)????? p (x1)?????®1?????????????? ®1;
³
¯1
¯1+1
´
?
??????????????????????????????????
³
¯1
¯1+1
´
?????
????????????????®1???????????? x1????????????
????????? 3.2.1???®1; ¯1?????????(
®1 > 0 ;
¯1 = 1 ;
(3.53)
????????????????? 3.3.2???????????? µ1?????????
??????????? (3.52)????????????????????????????
??®1; 1=2????????????? 1=2?????????????????????®1
???????????? x1??????????????????????? x1?? (3.52)
????????????? 2.1.2???????®1??????????
??????????????????????????????? (3.52)??t = 1???
???????????? 1=2?????????????®1 > 0?????????????
????????????????? xt????????????????????? (3.52)
?
³
¯1
¯1+1
´
?????????????????????????????¯ = 1??????
???????????????????????? p (µ1)????????????????
?????????????????????????????????
???p (x1)????????????????????????? 95%??99%?????
??????????????????????????????????????????
?????????????????????????????? ????????????
????????????????????????
?? 3.2.2?? (3.2)??, ????? µt???????????????????????
???? k; 0 < k · 1??????? µt????????????????????????
k? µt??????????????????
?? k = 1????? (3.2)? µt+1 = utµt????????????????????? ut?
?????? 2.1.4???
k(1¡ k)
(®t + 1)
= 0 ; (3.54)
?????????µt+1??????? (3.1)?????????????
???0 < k < 1????µt+1???? µt???????????????? k = 1=2????
? (3.54)?????????????????????? ut????????????????
? (3.1){(3.4)??????????????? ???????????k = 1???????
?????????k??????????????????????????????
32 ? 3 ? ????????? ????????????????????
3.6.2 ???????
?? 3.3.2????????? µt??????????????????????????
??????????????????????????????????????????
???????? ?????????????????????? (3.2)??????????
???????????????????? µt?????????????????????
????????? (3.18)?? (3.19)??????????????????????????
????????????????????????????????????? 3.6.1???
??????????? µt????? p (µt)???????????????????????
???????????????????
3.6.3 ?????????????
?? 3.4.1??????????????????????? (3.32)??????????
x^¤t+1?????????????????????????????????????????
????? xt1 = (x1; x2; ¢ ¢ ¢ ; xt)????????????? (t+ 1)????????????
????????????????????????? x^¤t+1???? 3.6.2?????????
???????????????????????????????? (3.32)????????
?? t??????????? x1; x2; ¢ ¢ ¢ ; xt??????? k???????????????
??????????????????Exponentially Weighted Moving Average [27][16][11]?
???????? (3.32)???????????? k; 0 < k · 1????k = 1???????
?????????????????? x^¤t+1????????????? x1; x2; ¢ ¢ ¢ ; xt???
???????k = 1?????????????????????????????????
????? k??????????????????????????????? (long-range
dependence[20])????????????????????????
????? 3.4.2?? (3.40)???????? p
¡
xt+1
¯¯
xt1; k
¢
??????????????
?????
³
kt¯1+
Pt
i=1 k
i¡1
kt¯1+
Pt
i=1 k
i¡1+1
´
????????????? kt®1+
Pt
i=1 k
t+1¡ixi???????
???????????????????????xt+1??????????????????
???? µt?????????????????????????????????????
?????????????? k????????????? xt1 = (x1; x2; ¢ ¢ ¢ ; xt)?????
???????????
????? t???????????????????????
lim
t!1
kt¯1 +
Pt
i=1 k
i¡1
kt¯1 +
Pt
i=1 k
i¡1 + 1
= lim
t!1
kt¯1 +
³
1¡kt
1¡k
´
kt¯1 +
¡
1¡kt
1¡k
¢
+ 1
(3.55)
=
¡
1
1¡k
¢¡
1
1¡k
¢
+ 1
(3.56)
3.7. ????? 33
=
1
1 + (1¡ k) (3.57)
=
1
2¡ k ; (3.58)
???? 1
2¡k ????????????????0 < k · 1?????????????
1
2
<
1
2¡ k · 1; (3.59)
????????
????????????????????? t???????????
lim
t!1
Ã
kt®1 +
tX
i=1
kt+1¡ixi
!
=
tX
i=1
kt+1¡ixi ; (3.60)
???????? Exponentially Weighted Moving Average????????????
3.7 ?????
3.7.1 ?? 3.3.3 ???
??????????????????????????????????????????
???????????? [13]?????????????????????????????
???????????? t??????????????µt????? µ?????????
?? 3.3.3????????????????????????????µ; u???????
?????????????
p
¡
µ
¯¯
®; ¯
¢
=
µ®¡1
¡ (®)
exp (¡¯µ) ¯® ; (3.61)
p
¡
u
¯¯
k®; (1¡ k)®¢ = ¡ (®)
¡ (k®) ¡ [(1¡ k)®]u
k®¡1 (1¡ u)[(1¡k)®¡1] : (3.62)
µ? u? ®????????????????????????????? p (µ; u)?????
?????
p (µ; u) = p
¡
µ
¯¯
®; ¯
¢
p
¡
u
¯¯
k®; (1¡ k)®¢ (3.63)
=
¡ (®)
¡ (®) ¡ (k®) ¡ [(1¡ k)®]µ
®¡1¯®uk®¡1 (1¡ u)[(1¡k)®¡1] exp (¡¯µ) (3.64)
=
µ®¡1¯®uk®¡1 (1¡ u)[(1¡k)®¡1]
¡ (k®) ¡ [(1¡ k)®] exp (¡¯µ) : (3.65)
????µ; u?? v; w????????????????8<:v = µu ;w = µ (1¡ u) : (3.66)
34 ? 3 ? ????????? ????????????????????
????? (3.66)??????
µ = v + w ; (3.67)
u =
v
v + w
; (3.68)
???????????? Jacobian J ??
J =
¯¯¯¯
¯¯¯¯ @µ@v @µ@w
@u
@v
@u
@w
¯¯¯¯
¯¯¯¯ (3.69)
=
¯¯¯¯
¯¯ 1 1w
(v+w)2
¡ v
(v+w)2
¯¯¯¯
¯¯ (3.70)
= ¡1
µ
6= 0 ; (3.71)
??????????? (3.66)???? 1? 1?????????????
????v; w??????? p (v; w)? J ????????????????
p (v; w) = p (µ; u) jJ j (3.72)
=
µ®¡1¯®uk®¡1 (1¡ u)[(1¡k)®¡1]
¡ (k®) ¡ [(1¡ k)®] exp (¡¯µ)
¯¯¯
¡1
µ
¯¯¯
(3.73)
=
(v + w)®¡2 ¯®
¡
v
v+w
¢k®¡1 ¡ w
v+w
¢[(1¡k)®¡1]
¡ (k®) ¡ [(1¡ k)®] exp [¡¯ (v + w)] (3.74)
=
¯®vk®¡1w[(1¡k)®¡1]
¡ (k®) ¡ [(1¡ k)®] exp [¡¯ (v + w)] : (3.75)
????w?????????v???????????????
p (v) =
Z 1
0
p (v; w) dw (3.76)
=
¯®vk®¡1 exp (¡¯v)
¡ (k®) ¡ [(1¡ k)®]
Z 1
0
(w)[(1¡k)®¡1] exp (¡¯w) dw : (3.77)
?????? 2.1.4??????????????????? (3.77)???????????
??? Z 1
0
(w)[(1¡k)®¡1] exp (¡¯w) dw = ¡ [(1¡ k)®]
¯(1¡k)®
: (3.78)
??????????p (v)?????????????
p (v) =
¯®vk®¡1 exp (¡¯v)
¡ (k®) ¡ [(1¡ k)®]
¡ [(1¡ k)®]
¯(1¡k)®
(3.79)
=
¯k®vk®¡1
¡ (k®)
exp (¡¯v) : (3.80)
?????v = µu???????????? k®; ¯??????????????????
3.3.3?????? ¥
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3.7.2 ?? 3.3.4 ???
????????????????????????????????? t????????
????? µt????? µ?????????
???µ?? µ0?? 1? 1?? µ0 = µ=k??????????µ???????? (3.3)??
???????
???? µ = kµ0??????p (µ0)?????????????
p (µ0) = p (µ)
¯¯¯¯
dµ
dµ0
¯¯¯¯
(3.81)
= kp (µ) (3.82)
=
k (µ)®¡1
¡ (®)
exp (¡¯µ) ¯® (3.83)
=
k (kµ0)®¡1
¡ (®)
exp [¡¯ (kµ0)] ¯® (3.84)
=
(µ0)®¡1
¡ (®)
exp [¡ (k¯) µ0] (k¯)® : (3.85)
?????p (µ=k)??????®; k¯??????????????????????? 3.3.4
?????? ¥
3.8 ??????
???????????????????? µt????????????????????
??????????????????????????????? xt1 = (x1; x2; ¢ ¢ ¢ ; xt)??
??????????????????????????????????????????
?????????????? µt????????????????? k?????????
???????????????????????????????????????????
???????????????????????????????????????? k?
?????????????????????

?4? ????????????????
???????????????
?????
4.1 ?????
3??????????????????????????????????????? k?
??????????????????????????????????????????
??????????? k^????????? x^t+1???????????????????
???????????????????????????????????????????
???????????????????????????????????????????
????????????
??????????????????????????????????????????
???????????????????????????????????????????
???????????????????????????????????????????
????????
4.2 ????????????????????
?????? k??????????3.5??? (3.45)?????????????????
??????k??????? 0 < k · 1????????????????????????
????? k??????????????
???????????????????????????
???k???? 0 · k · 1???????h??????????????????????
????k = 0???????n = 1; 2; ¢ ¢ ¢ ; h???????????????????k ¼ n=h
???????????????????? (4.1)??????????????? (3.45)??
?????? (4.2)???????????????
k^ ¼ argmax
n=h
L
³n
h
´
; (4.1)
37
38 ? 4 ? ????????????????????????????????????
L
³n
h
´
= p
¡
x1
¯¯
µ1
¢ tY
i=2
"
(¯i)
®i¡(®i + xi)
(¯i + 1)®i+xi¡(®i)xi!
¯¯¯¯
¯ ®i =
 
n
h
i¡1
®1 +
Pi¡1
j=1
 
n
h
i¡j
xj
¯i =
 
n
h
i¡1
¯1 +
Pi¡1
j=1
 
n
h
j¡1
#
: (4.2)
????? (4.1)?????????? k^??????????????? t????????
???????k??? 0 · k · 1??????????? n???????????????
???????????
???? 4.1????????????????????? xt1 = (x1; x2; ¢ ¢ ¢ ; xt)?????
????? (4.2)???????????????? logL (k)???????????????
??????h = 1000??????????
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g 
L(k
)
k
-3.0×102
-2.0×102
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lo
g 
L(k
)
k
-2.0×102
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1.0×102
2.0×102
3.0×102
4.0×102
5.0×102
0.0 0.2 0.4 0.6 0.8 1.0
lo
g 
L(k
)
k
? 4.1: ?????? logL (k)??????? (??????????????????? 100?
?????? 200??????? 300??????? 500???)
4.3 ?????????????????
4.3.1 ??????????1
????????????? k????????????????
??????????????????????? xt1 = (x1; x2; ¢ ¢ ¢ ; xt)?????????
???????????????????4.2?????????????? k???????
?????????? k^??????????
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4.3.2 ??????????2
????????????? k????????????????????????????
?????
?? t???????? xt1??? n??? xt+nt+1 ????????????? k??????
????????? k^???????????? xt+nt+1 ??????????????????
???????????????? k??????????? xt+nt+1 ????????????
??????????? k?????????
4.3.3 ??????????
???????????????????????? 4.1????
? 4.1: ??????????????????????
?? ???
?????? k???? 0.920
????? xt1???? 200, 300, 500, 1000
????? xt+nt+1 ???? 300
?????? 20
®1???? 1.00
¯1???? 1.00
??????? x^t+1?????t = 1???????????????? p
¡
µ1
¯¯
®1; ¯1
¢
??
??? (3.8)????? 3.3.2????????????????®1 = ¯1 = 1????
?????????????????????????????????? (3.28)?? (3.29)
????????? t????????? µt+1????????????? xt+1??????
????????????????????????????
4.4 ??????????
4.4.1 ??????????1
???????????????????????????? k^???? 4.2????
40 ? 4 ? ????????????????????????????????????
? 4.2: ?????????? 1???
xt1???? k^ k????
200 0.971 0.920
300 0.971 0.920
500 0.951 0.920
1000 0.957 0.920
4.4.2 ??????????2
xt1?????????? 200, 300, 500, 1000????????????? k???????
?????????????? 4.3?? 4.4?? 4.5?? 4.6????
???xt1???? 1000?????????????????????????????? k
??????????? 4.2?????0:70 · k · 1:00?????????????? 4.3?
???
? 4.3: ?????????? 2??? (xt1???? 200)
xt1???? k?? ?????? (MSE) ??
200 0.920 1:81£ 101 k????
200 0.960 1:71£ 101 ??????????
200 0.971 1:95£ 101 k????????
200 1.000 2:76£ 101 ?????????
? 4.4: ?????????? 2??? (xt1???? 300)
xt1???? k?? ?????? (MSE) ??
300 0.920 1:70£ 101 k????
300 0.960 1:61£ 101 ??????????
300 0.971 1:86£ 101 k????????
300 1.000 2:59£ 101 ?????????
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? 4.5: ?????????? 2??? (xt1???? 500)
xt1???? k?? ?????? (MSE) ??
500 0.920 1:26£ 101 k????
500 0.960 1:21£ 101 ??????????
500 0.951 1:21£ 101 k????????
500 1.000 1:99£ 101 ?????????
? 4.6: ?????????? 2??? (xt1???? 1000)
xt1???? k?? ?????? (MSE) ??
1000 0.920 1:47£ 101 k????
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????? Akaike Information Criterion (AIC)[1]?????????????????
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???? (??) 131 149
?????????? 79,421 15,259
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